INTRODUCTION
Warm and cold hepatic ischemia followed by reperfusion leads to cell death, which often occurs within minutes of reperfusion 1 . A hallmark feature of hepatic inflammation during ischemia-reperfusion (I/R) is recruitment of various types of leukocytes to the afflicted site.
Inflammatory stimuli activate endothelial cells to express adhesion molecules and chemokines that physically engage circulating leukocytes and promote their adhesion to the vessel wall. In the liver, the process of leukocyte recruitment is quite different from other organs due to significant architectural specialties of the hepatic microvasculature, such as dual blood supply, low-pressure vascular system, fenestrated endothelium, and lack of basal membrane in sinusoids. Moreover, the expression pattern of adhesion molecules is different, since hepatic sinusoids lack expression of selectins and VE-cadherin 2 . In postsinusoidal venules, selectins mediate initial leukocyte rolling, while beta2-integrins are responsible for the subsequent leukocyte adherence to the endothelium 3 . In sinusoids, however, leukocyte accumulation is not preceded by rolling, does not require selectins, and is discussed to be mediated by constitutively expressed endothelial intracellular adhesion molecule-1 and vascular adhesion protein-1 4 .
While a great deal has been learned about the early steps of leukocyte recruitment, i.e. rolling and adherence, little is known about the next step, transmigration, when leukocytes migrate across the endothelial layer lining the blood vessel. In particular, it remains unclear, which endothelial receptor is responsible for extravasation of leukocytes into the perivascular space in the hepatic microcirculation. It is, however, known that platelet-endothelial cell adhesion molecule-1, one of the most important transmigration receptors in other organs 5 , is not involved in leukocyte transmigration in the liver, at least, during endotoxin-induced inflammation 6 . This suggests a crucial role of other endothelial junctional molecules in the process of emigration of leukocytes from hepatic microvessels.
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For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From Surgical procedure. The surgical procedure has been described in detail 22;23 . Shortly, under inhalation anesthesia with isoflurane-N 2 O, a polyethylene catheter was inserted into the left carotid artery for measurement of mean arterial pressure and application of fluorescence dyes.
A warm (37°C) reversible ischemia of the left liver lobe was induced for 90 min by clamping the supplying nerve vessel bundle using a microclip. The mean arterial pressure was continuously controlled in each experiment. There was no significant difference between animals subjected to ischemia and sham-operated controls (data not shown).
Hepatic microcirculation. Hepatic microcirculation was analyzed by intravital fluorescence microscopy after 30 min and 120 min of reperfusion using a Leitz-Orthoplan microscope with a 100W HBO mercury lamp (Leitz, Wetzlar, Germany) as described previously [23] [24] [25] . Intravital microscopic images were transferred to a video system (S-VHS Panasonic AG 7330, Matsushita Electric Ind. Tokyo, Japan) using a CCD video camera (FK 6990, Cohu, Prospective measurements, San Diego, CA, USA). Leukocytes were labeled by an intravenous application of rhodamine 6G (0.1ml, 0.05%, Sigma-Aldrich, Deisenhofen, Germany) and visualized in postsinusoidal venules and sinusoids using a N2 filter block only.
For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From (excitation: 530-560 nm, emission:>580 nm; Leitz). All videotaped images were evaluated using a computer-assisted image analysis program (CAPIMAGE ® , Dr. Zeintl, Heidelberg, Germany). Rolling leukocytes were defined as cells crossing an imaginary perpendicular through the vessel at a velocity markedly lower than the centerline velocity in the microvessel. Their numbers are given as cells per second per vessel cross section. Leukocytes firmly attached to the endothelium for more than 20 seconds were counted as permanently adherent cells and expressed as number of cells per square millimeter endothelial surface. In sinusoids, the number of accumulated (stagnant) leukocytes was counted in the scanned acini and is given in [1/acinus] .
In an attempt to evaluate the severity of I/R-induced perfusion injury, sinusoidal perfusion was analyzed within 5-7 acini after intravenous application of FITC-labeled dextran (MW 150000; 0.1ml, 5%, Sigma-Aldrich) using an I2/3 filter block (excitation: 450-490 nm, emission:>515 nm; Leitz). In each visualized acinus, the total number of sinusoids as well as the number of non-perfused sinusoids within the same acinus were counted. The results are presented as sinusoidal perfusion failure: percentage of non-perfused sinusoids=non-perfused sinusoids/ total sinusoids of an acinus x 100%.
Impact of JAM-A on platelet-endothelial cell interactions. In a separate set of experiments (n=5 each group), we investigated whether JAM-A deficiency influences postischemic platelet-endothelial cell interactions. For this purpose, platelets were isolated from either wild-type or JAM-A-/-mice, labeled ex vivo with rhodamine 6G as described previously 23; 26; 27 , infused intraarterially in wild-type mice after 90 min of ischemia and 30 min of reperfusion, and quantitatively analyzed using intravital microscopy in hepatic sinusoids and postsinusoidal venules as described above for leukocytes. Sham-operated JAM-A+/+ animals were used as controls. Immunostaining for CD45. Samples of liver tissue were taken at the end of intravital microscopy (140 min after the onset of reperfusion). Paraffin sections (6 µm) were incubated with a rat-anti-mouse CD45 MoAb (Becton Dickinson GmbH, Heidelberg, Germany) as a primary antibody and commercially available immunohistochemistry kits (Vectastain; Camon, Wiesbaden, Germany). Control sections were incubated with an isotype-matched rat IgG (Becton Dickinson GmbH). The number of leukocytes extravasated into the parenchymal tissue was counted in 10 high-power fields (HPF=0.09766 mm² at microscope magnification x400) and expressed as number of cells per square millimeter of liver surface. Since leukocyte adherence was analyzed using intravital microscopy, intravascularly localized leukocytes were not counted in tissue sections. All cell counts were performed in a blinded fashion.
Staining for granulocyte naphthol-ASD chloroacetate esterase. To assess neutrophil transmigration, paraffin sections were stained for chloroacetate esterase present on neutrophils, using a Naphthol-ASD Chloroacetate Esterase Kit (Sigma-Aldrich). The number of neutrophils extravasated into the parenchymal tissue was quantified as described above for CD45-positive cells at microscope magnification x400. RT-PCR for JAM-A. Samples of frozen liver tissue were homogenized and total RNA was extracted from supernatants using RNeasy spin columns (Qiagen, Valencia, CA). Total RNA was quantitated by measuring the optical density at 260 nm. cDNA was prepared from 2 µg of total RNA. PCR amplification was performed as previously described 28 . For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From determined at 37°C with an automated analyzer (Hitachi 917, Roche-Boehringer, Mannheim, Germany) using standardized test systems (HiCo GOT and HiCo GPT, Roche-Boehringer).
Immunostaining
TUNEL staining. Paraffin sections were prepared and stained by terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) using a commercially available kit (Roche-Boehringer, Mannheim, Germany). TUNEL-positive cells were counted by a blinded observer using light microscopy (magnification 400x) in 10 high-power fields (HPF).
Experimental groups. The following groups were investigated (n=6 each): a sham-operated group, an I/R group in JAM-A+/+ mice, an I/R group in JAM-A-/-mice, and an I/R group in endothelial JAM-A-/-mice. In all groups, intravital microscopy was performed after 30 to 50 min as well as 120 to 140 min of reperfusion. Tissue and blood samples were taken at the end of the experiment after 140 min of reperfusion.
To confirm the effects of JAM-A-deficiency on leukocyte recruitment during hepatic I/R, an additional set of experiments was carried out in which we either blocked JAM-A using the monoclonal antibody BV11 (100 µg/mouse, i.a., 10 min before ischemia 10 ) or infused an isotype-matched control antibody (rat IgG2b, 100 µg/mouse, Becton Dickinson) in the same model of hepatic I/R in C57Bl6 mice (n=6 each group).
Finally, we analyzed leukocyte-endothelial cell interactions in JAM-A and endothelial JAM-A-/-under control conditions (n=3 each group) and did not detect any differences from the results in sham-operated JAM-A+/+ mice (data not shown).
Statistics. Data analysis was performed with a statistical software package (SigmaStat, Jandel Scientific, Erkrath, Germany). The Kruskal-Wallis test followed by the Student-NewmanKeuls test was used for the estimation of stochastic probability in intergroup comparisons. Ttest was used for two-group comparison between BV11-and IgG2b-treated groups as well as for the analysis of the RT-PCR data. Mean values±SEM are given. P values less than 0.05 were considered significant. In an attempt to confirm the effects on leukocyte recruitment observed in JAM-A-/-mice, we blocked JAM-A using the monoclonal antibody BV11 in the same model (Tab. 1). Similar to the results in JAM-A-/-mice, no effect of JAM-A blockade on leukocyte rolling was observed. Leukocyte adherence was slightly increased in the BV11-treated group, however, this increase did not reach the level of statistical significance. As shown by immunostaining for CD45-positive cells, the JAM-A blockade significantly attenuated leukocyte transmigration in the postischemic liver.
Interactions of JAM-A-/-platelets in the postischemic liver
Recent in vitro studies have shown that platelet JAM-A plays a role for aggregation of platelets [11] [12] [13] , a cell type that is discussed to be important for recruitment of leukocytes 14 Thus, JAM-A deficiency does not influence I/R-induced platelet recruitment.
Impact of JAM-A deficiency on I/R injury of the liver
To investigate whether JAM-A deficiency influences microvascular I/R injury, sinusoidal perfusion was quantified in all experimental groups. Ninety minutes of warm ischemia followed by either 30 min or 120 min of reperfusion resulted in a severe deterioration of sinusoidal perfusion characterized by 26±3% and 30±4% non-perfused sinusoids, 
DISCUSSION
The emigration of leukocytes from the circulation is a critical step during immune surveillance and inflammatory reactions, and is governed by a coordinated interplay involving a spectrum of adhesion and signal molecules. The mechanisms of transendothelial migration For For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From of endothelial JAM-A in the liver might be more important than in some other organs. The liver, similar to lungs but in contrary to tissues such as heart, kidney, lymph nodes, Peyer's patches, and testis, possess a very low mRNA expression of JAM-B and JAM-C 31 , which both may be able to compensate for the lack of JAM-A function in endothelial junctions.
Since it has been shown that JAM-A is redistributed from cell-cell contacts to the endothelial surface upon endothelial activation 37 , this adhesion molecule is discussed to play a role also in the process of leukocyte rolling and adhesion 38 . Therefore, we used intravital microscopy to The impact of either BV11 antibody or isotype-matched control rat IgG2b on leukocyte rolling adherence/accumulation was analyzed using intravital microscopy in hepatic microvessels after 90 min of ischemia followed by 30 and 120 min of reperfusion. 
